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Claims 

1 . An analytical chip for the simultaneous determination of one or more different 
bacterial 16S-rRNA in a liquid sample 

comprising 

- an evanescent field measurement platform, e.g. an optical waveguide, as a 
solid carrier and 

- a plurality of specific recognition elements immobilized in discrete 
measurement areas of known location forming an array of measurement areas 
on said evanescent field measurement platform, 

wherein 

- a multitude (i.e. 2 or more) of different specific recognition elements is 
immobilized in discrete measurement areas for the recognition and detection of 
each different 16S-rRNA, different recognition elements being specific for 
different subsequences of the 16S-rRNA to be detected, which are not directly 
adjacent and not overlapping in the sequence of said 16S-rRNA, and 

and said analytical chip is operable for the detection of 16S-rRNA in the evanescent 
field of the evanescent field measurement platform, without an amplification (e.g. by 
polymerase chain reaction PCR or linear amplification "T7") of the polynucleotide 
sequences contained in the sample. 

2. An analytical chip according to claim 1, wherein said analytical chip is operable for a 
simultaneous quantitative determination of one or more different bacterial 16S-rRNA 
in a liquid sample, i.e. with an experimental variation of less than 50 %, preferably of 
less than 20 %, most preferably of less than 10 %. 

3. An analytical chip according to any of claims 1-2, wherein said analytical chip is 
operable for a simultaneous quantitative determination of the amount respectively 
concentration of the one or more different bacteria in the original sample from where 
the liquid sample containing said one or more different 16S-rRNA have been derived. 

4. An analytical chip according to any of claims 1-3, wherein the one or more bacterial 
16S-rRNA to be detected are derived from bacteria selected from the group 
comprising, e.g.: 
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5. An analytical chip according to any of claims 1-4, wherein the immobilized specific 
recognition elements are selected from the group comprising, e.g., natural and 
synthetically fabricated polynucleotides, polynucleotides with artificial bases and / or 
artificial carbohydrates, peptides, peptide nucleic acids ("PNA"s), PNA's with 
artificial bases, LNAs, proteins (e.g. antibodies), ribozymes, and aptamers. 

6. An analytical chip according to any of claims 1-4, wherein the immobilized specific 
recognition elements are selected from the group of antibiotics-based recognition 
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elements comprising, e.g., macrolide antibiotics (e.g. erythromycin, azithromycin, 
streptogramin), aminoglycoside antibiotics (e.g. neomycin, paromomycin, 
lividomycin, gentamycin), and peptide antibiotics (e.g. thiostreptone, micrococcin). 

7. An analytical chip according to any of claims 1-4, for the simultaneous 

determination of one or more different bacterial 16S-rRNA in a liquid sample, 
comprising 

- an evanescent field measurement platform, e.g. an optical waveguide, as a 
solid carrier and 

- a plurality of polynucleotides immobilized in discrete measurement areas of 
known location forming an array of measurement areas on said evanescent 
field measurement platform, 

wherein 

- a multitude (i.e. 2 or more) of different polynucleotides is immobilized in 
discrete measurement areas for the detection of each different 16S-rRNA, the 
sequences of the immobilized polynucleotides being essentially 
complementary to different subsequences of the 16S-rRNA to be detected, 
which are not directly adjacent and not overlapping in the sequence of said 
16S-rRNA, and 

- and said analytical chip is operable for the detection of 16S-rRNA in the 
evanescent field of the evanescent field measurement platform, without an 
amplification (e.g. by polymerase chain reaction PCR or linear amplification 
"T7") of the polynucleotide sequences contained in the sample. 

8. An analytical chip according to claim 7, wherein the immobilized polynucleotides for 
the detection of the bacterial 16S-rRNA have a length of 5 - 500, preferably of 10 - 
100, most preferably of 10 - 30 bases. 

9. An analytical chip according to any of claims 7-8, wherein the plurality of 
immobilized polynucleotides comprises 2-20 different polynucleotides which are 
essentially complementary to different subsequences of the same bacterial 16S-rRNA 
to be detected. 
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10. An analytical chip according to claim 9, wherein the plurality of immobilized 
polynucleotides comprises less than 10, preferably less than 5 different 
polynucleotides which are essentially complementary to different subsequences of the 
same bacterial 16S-rRNA to be detected. 

1 1. An analytical chip according to any of claims 1-6, wherein the plurality of 
immobilized specific recognition elements comprises less than 10, preferably less than 
5 different specific recognition elements which can bind specifically to different 
subsequences of the same bacterial 16S-rRNA to be detected. 

12. An analytical chip according to any of claims 7 - 10, wherein the sequences of the 
multitude of immobilized polynucleotides for detection of a 16S-rRNA are essentially 
complementary to subsequences indicative for the genus of the bacterium from which 
said 16S-rRNA to be detected has been derived. 

13. An analytical chip according to any of claims 7 - 10, wherein the sequences of the 
multitude of immobilized polynucleotides for detection of a 16S-rRNA are essentially 
complementary to subsequences indicative for the species and / or strain of the 
bacterium from which said 16S-rRNA to be detected has been derived. 

14. An analytical chip according to any of claims 7 - 10, wherein the multitude of 
immobilized polynucleotides for detection of a 16S-rRNA comprises both 
polynucleotides with a sequence essentially complementary to subsequences 
indicative for the genus type and polynucleotides with a sequence essentially 
complementary to the species and / or strain of the bacterium from which said 16S- 
rRNA to be detected has been derived. 

15. An analytical method according to any of claims 1 - 14, wherein the liquid sample 
comprises a complex biological matrix of the group of human and animal cell extracts, 
extracts of human and animal tissue, such as organ, skin or bone tissue, and of body 
fluids or their components, such as blood, serum, plasm, lymph, synovia, tear liquid, 
sweat, milk, sperm, sputum, cerebral spinal fluid, gastric juice, intestinal contents, 
urine, and stool. 
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16. An analytical chip according to any of claims 1 - 14, wherein the evanescent field 
measurement platform comprises an optical waveguide 



17. An analytical chip according to any of claims 1 - 14, wherein the evanescent field 
measurement platform comprises an optical waveguide, which is continuous or 
partitioned into discrete waveguiding areas. 

18. An analytical chip according to claim 17, wherein the optical waveguide is an optical 
film waveguide with a first optically transparent layer (a) on a second optically 
transparent layer (b) with lower refractive index than layer (a). 

19. An analytical chip according to claim 18, wherein the material of the second optically 
transparent layer (b) comprises, e.g., silicates, such as glass or quartz, or a transparent 
thermoplastic or moldable plastic, preferably of the group comprising polycarbonate, 
polyimide, or polymethylmethacrylate, or polystyrene. 

20. An analytical chip according to any of claims 18 - 19, wherein the refractive index of 
the first optically transparent layer (a) is higher than 1.8. 

21. An analytical chip according to any of claims 18 - 20, wherein the first optically 
transparent layer (a) comprises Ti0 2 , ZnO, Nb 2 0 5 , Ta 2 Os, Hf0 2 , or Zr0 2 , preferably 
Ti0 2 , Ta 2 0 5 orNb 2 0 5 . 

22. An analytical chip according to any of claims 18 -21, wherein the thickness of the first 
optically transparent layer (a) is between 40 and 300 nm, preferably between 100 and 
200 nm. 

23. An analytical chip according to any of claims 18-22, wherein an additional optically 
transparent layer (b') with lower refractive index than and in contact with layer (a), 
and with a thickness of 5 nm - 10 000 nm, preferably of 10 nm - 1000 nm, is located 
between the optically transparent layers (a) and (b). 

24. An analytical chip according to any of claims 18-23, wherein in-coupling of 
excitation light into the optically transparent layer (a), to the measurement areas, is 
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performed using one or more optical in-coupling elements from the group comprising 
prism couplers, evanescent couplers comprising joined optical waveguides with 
overlapping evanescent fields, front face (distal end) couplers with focusing lenses 
arranged in front of a front face (distal end) of the waveguiding layer, and grating 
couplers. 

25. An analytical chip according to any of claims 18-23, wherein in-coupling of 
excitation light into the optically transparent layer (a), to the measurement areas, is 
performed using one or more grating structures (c), that are formed in the optically 
transparent layer (a). 

26. An analytical chip according to any of claims 18-25, wherein out-coupling of light 
guided in the optically transparent layer (a) is performed using grating structures (c 5 ) 
that are formed in the optically transparent layer (a). 

27. An analytical chip according to any of claims 25 - 26, wherein one or more 
measurement areas of an array of measurement areas are provided on a grating 
structure (c) or (c*). 

28. An analytical chip according to claim 27, wherein several or all arrays of measurement 
areas are provided on a common grating structure (c) or (c'). 

29. An analytical chip according to any of claims 25 - 26, wherein arrays of measurement 
areas are provided adjacent to or between grating structures (c) or (c'). 

30. An analytical chip according to any of claims 1 - 29, wherein an adhesion-promoting 
layer (f), with a thickness of preferably less than 200 nm, more preferably of less than 
20 nm, is deposited on the optically transparent layer (a), for immobilization of the 
specific recognition elements, and wherein the adhesion-promoting layer preferably 
comprises chemical compounds of the group comprising, e.g., silanes, epoxides, 
functionalized, charged or polar polymers and "self-organized passive or 
functionalized mono- or multilayers", alkyl phosphates or alkyl phosphonates, and 
multifunctional block copolymers, such as poly(L)lysine / polyethylene glycols. 
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31. An analytical chip according to any of claims 1 - 30, wherein the specific recognition 
elements are immobilized in discrete measurement areas by one or more methods of 
the group of immobilization methods comprising, e.g., "ink jet spotting", mechanical 
spotting by means of pin, pen or capillary, "micro contact printing", fluidically 
contacting the measurement areas with the biological or biochemical or synthetic 
recognition elements upon their supply in parallel or crossed micro channels, upon 
exposure to pressure differences or to electric or electromagnetic potentials. 

32. An analytical chip according to any of claims 30-31, wherein the adhesion- 
promoting layer is "chemically neutral" towards compounds other than the analytes 
contained in the sample, i.e., reduces nonspecific interaction with these compounds. 

33. An analytical chip according to any of claims 1 - 32, wherein compounds which are 
"chemically neutral" towards the analytes and / or towards other compounds contained 
in the sample matrix, preferably of the groups comprising, for example, albumines, 
especially bovine serum albumine or human serum albumine, fragmentated natural or 
synthetic DNA, such as from herring or salmon sperm, not hybridizing with 
polynuleotides to be analyzed, or uncharged but hydrophilic polymers, such as 
polyethyleneglycols or dextranes, are deposited between the laterally separated 
measurement areas. 

34. An analytical chip according to any of claims 1-33, wherein up to 1,000,000 
measurement areas are provided in a 2-dimensional arrangement and wherein a single 

2 2 

measurement area has an area of 0.001 mm - 6 mm . 

35. An analytical chip according to any of claims 1 - 34, wherein the measurement areas 
are provided at a density of more than 10, preferably of more than 100, most 
preferably of more than 1000 measurement areas per square centimeter. 

36. An analytical chip according to any of claims 1 - 34, wherein the surface with the 
discrete measurement areas with immobilized specific recognition elements forms the 
inner bottom surface of one or more sample compartments for receiving one or more 
samples to be analyzed for 16S-rRNA. 
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37. An analytical chip according to claim 36, wherein the one or more sample 
compartments are designed to accommodate a sample volume of less than 50 pi. 

38. An analytical chip according to any of claims 36 - 37, wherein the inner bottom 
surface of a sample compartment is larger than 10 mm 2 . 

39. An analytical chip according to any of claims 36 - 38, wherein grating structures (c) 
and optional additional grating structures (c') are located within a sample 
compartment. 

40. An analytical chip according to any of claims 36 - 38, wherein grating structures (c) 
and optional additional grating structures (c') are located outside the sample 
compartments. 

41. An analytical chip according to any of claims 36 - 40, wherein grating structures (c) 
and optional additional grating structures (c') extend over the range of multiple or all 
sample compartments. 

42. An analytical method for the simultaneous determination of one or more different 
bacterial 16S-rRNA in a liquid sample, comprising providing an analytical chip 
comprising 

- an evanescent field measurement platform, e.g. an optical waveguide, as a 
solid carrier and 

- a plurality of specific recognition elements immobilized in discrete 
measurement areas of known location forming an array of measurement areas 
on said evanescent field measurement platform, 

wherein 

- a multitude (i.e. 2 or more) of different specific recognition elements is 
immobilized in discrete measurement areas for the recognition and detection of 
each different 16S-rRNA, different recognition elements being specific for 
different subsequences of the 16S-rRNA to be detected, which are not directly 
adjacent and not overlapping in the sequence of said 16S-rRNA, 

- a liquid sample, not being subjected to an amplification (e.g. by polymerase 
chain reaction PCR or linear amplification "T7") of the polynucleotide 



67 



WO 2004/033720 




T/EP2003/010626 



sequences contained therein, is brought into contact with the array under 
conditions allowing for binding (respectively hybridization) of 16S-rRNA 
contained in the sample with the corresponding specific recognition elements 
immobilized in the measurement areas 

- changes of electro-optical signal caused by a successful binding on the 
measurement areas of the evanescent field measurement platform are measured 
with one or more detectors, and 

- the presence of a bacterium to be detected is determined from the whole of 
signals from those measurement areas occupied by immobilized specific 
recognition elements dedicated for the specific detection of said bacterium. 

43. An analytical method according to claim 42, wherein said analytical method is 
operable for a simultaneous quantitative determination of one or more different 
bacterial 16S-rRNA in a liquid sample, i.e. with an experimental variation of less than 
50 %, preferably of less than 20 %, most preferably of less than 10 %. 

44. An analytical method according to any of claims 42 - 43, wherein said analytical 
method is operable for a simultaneous quantitative determination of the amount 
respectively concentration of the one or more different bacteria in the original sample 
from where the liquid sample containing said one or more different 16S-rRNA have 
been derived. 

i 

45. An analytical method according to any of claims 42 - 44, wherein the one or more 
bacterial l6S-rRNA to be detected are derived from bacteria selected from the group 
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46. An analytical method according to any of claims 42 - 45, wherein the immobilized 
specific recognition elements are selected from the group comprising, e.g., natural and 
synthetically fabricated polynucleotides, polynucleotides with artificial bases and / or 
artificial carbohydrates, peptides, peptide nucleic acids ("PNA"s), PNA's with 
artificial bases, LNAs, proteins (e.g. antibodies), ribozymes, and aptamers. 

47. An analytical method according to any of claims 42 - 45, wherein the immobilized 
specific recognition elements are selected from the group of antibiotics-based 
recognition elements comprising, e.g., macrolide antibiotics (e.g. erythromycin, 
azithromycin, streptogramin), aminoglycoside antibiotics (e.g. neomycin, 
paromomycin, lividomycin, gentamycin), and peptide antibiotics (e.g. thiostreptone, 
micrococcin). 

48. An analytical method according to any of claims 42 - 45, for the simultaneous 
determination of one or more different bacterial 16S-rRNA in a liquid sample, 
comprising providing an analytical chip comprising 
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- an evanescent field measurement platform, e.g. an optical waveguide, as a 
solid carrier and 

- a plurality of polynucleotides immobilized in discrete measurement areas of 
known location forming an array of measurement areas on said evanescent 
field measurement platform, 

wherein 

- a multitude (i.e. 2 or more) of different polynucleotides is immobilized in 
discrete measurement areas for the detection of each different 16S-rRNA, the 
sequences of the immobilized polynucleotides being essentially 
complementary to different subsequences of the 16S-rRNA to be detected, 
which are not directly adjacent and not overlapping in the sequence of said 
16S-rRNA, 

- a liquid sample, not being subjected to an amplification (e.g. by polymerase 
chain reaction PCR or linear amplification C T7") of the polynucleotide 
sequences contained therein, is brought into contact with the array under 
conditions allowing a hybridization of 16S-rRNA contained in the sample with 
essentially complementary polynucleotides immobilized in the measurement 
areas 

changes of electro-optical signal caused by a successful hybridization on the 
measurement areas of the evanescent field measurement platform are measured 
with one or more detectors, and 

- the presence of a bacterium to be detected is determined from the whole of 
signals from those measurement areas occupied by immobilized 
polynucleotides dedicated for the specific detection of said bacterium. 

49. An analytical method according to claim 48, wherein the immobilized polynucleotides 
for the detection of the bacterial 16S-rRNA have a length of 5 - 500, preferably of 10 
- 100 bases. 



50. An analytical method according to any of claims 48 - 49, wherein the plurality of 
immobilized polynucleotides comprises 2-20 different polynucleotides which are 
essentially complementary to different subsequences of the same bacterial 16S-rRNA 
to be detected. 
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51. An analytical method according to claim 50, wherein the plurality of immobilized 
polynucleotides comprises less than 10, preferably less than 5 different 
polynucleotides which are essentially complementary to different subsequences of the 
same bacterial 16S-rRNA to be detected. 



52. An analytical method according to any of claims 42 - 47, wherein the plurality of 
immobilized specific recognition elements comprises less than 10, preferably less than 
5 different specific recognition elements which can bind specifically to different 
subsequences of the same bacterial 16S-rRNA to be detected. 

53. An analytical method according to any of claims 48-51, wherein bacterial genus and 
/ or species and / or strain can be determined with a plurality of less than 10, 
preferably of less than 5 different immobilized polynucleotides, that hybridize 
specifically with subsequences of the 16S-rRNA of said genus or species or strain. 

54. An analytical method according to any of claims 42-53, wherein the bacterial 16S- 
rRNA to be detected is fragmented into strands of less than 500, preferably of less 
than 200 base pairs length. 

55. An analytical method according to any of claims 42 - 54, wherein the evanescent field 
measurement platform comprises an optical waveguide 

56. An analytical method according to any of claims 42 - 55, wherein the evanescent field 
measurement platform comprises an optical waveguide, which is continuous or 
partitioned into discrete waveguiding areas. 

57. An analytical method according to claim 56, wherein the optical waveguide is an 
optical film waveguide with a first optically transparent layer (a) on a second optically 
transparent layer (b) with lower refractive index than layer (a). 

58. An analytical method according to any of claims 42 - 57, wherein the detection of the 
presence of bacterial 16S-rRNA is based on the change of one or more luminescences, 
preferably of one or more fluorescences. 
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59. An analytical method according to claim 58, wherein the luminescence (fluorescence) 
used for analyte detection is generated by luminescence (fluorescence) labels, which 
are bound to or associated with the 16S-rRNA to be detected. 

60. An analytical method according to claim 58, wherein said labels are bound to 
polynucleotides to be determined in a sample by a chemical (non-enzymatic) 
conjugation method. 

61. An analytical method according to any of claims 59 - 60, wherein said labels have 
excitation and emission wavelengths between 250 nm and 1100 nm. 

62. An analytical method according to any of claims 59 - 61, wherein said luminescence 
labels are selected from luminescent, functionalized or intercalating dyes and 
luminescent, functionalized nanoparticles ("quantum dots"). 

63. An analytical method according to any of claims 57 - 62, wherein in-coupling of 
excitation light into the optically transparent layer (a), to the measurement areas, is 
performed using one or more grating structures (c), that are formed in the optically 
transparent layer (a). 

64. An analytical method according to any of claims 48 - 63, wherein a pattern of said 
changes of electro-optical signal caused by a successful hybridization of a multitude of 
immobilized polynucleotides, in different measurement areas, dedicated for the 
detection of one or more 16S-rRNA, ("sample hybridization pattern" of said 16S- 
rRNA) to be determined in a sample is established and recorded. 

65. An analytical method according to claim 48 - 64, wherein a "reference hybridization 
pattern" is established and recorded by bringing a liquid sample containing a known 
amount of one or more different known 16S-rRNA into contact with said analytical 
chip under conditions allowing for hybridization between said known 16S-rRNA and 
the corresponding multitudes of complementary immobilized polynucleotides. 

66. An analytical method according to claim 65, wherein reference hybridization patterns 
are stored in a data library. 
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67. An analytical method according to any of claims 65 - 66, wherein 16S-rRNA 
contained in a sample are determined by comparison of a sample hybridization pattern 
and one or more reference hybridization patterns, upon determining the degree of 
agreement between said sample hybridization pattern and said reference hybridization 
patterns. 

68. An analytical method according to claim 67, wherein the degree of agreement between 
said sample hybridization pattern and said reference hybridization patterns is 
determined by statistical methods. 

69. An analytical method according to claim 67, wherein the degree of agreement between 
said sample hybridization pattern and said reference hybridization patterns is 
determined by mathematical clustering methods. 

70. An analytical method according to claim 67, wherein the degree of agreement between 
said sample hybridization pattern and said reference hybridization patterns is 
determined by artificial neural networks. 

71. An analytical method according to any of claims 42 - 70, wherein a pattern of said 
changes of electro-optical signal caused by a successful binding of a multitude of 
immobilized specific recognition elements in different measurement areas, dedicated 
for the detection of one or more 16S-rRNA, ("sample binding pattern" of said 16S- 
rRNA) to be determined in a sample is established and recorded. 

72. An analytical method according to claim 42-71, wherein a "reference binding 
pattern" is established and recorded by bringing a liquid sample containing a known 
amount of one or more different known 16S-rRNA into contact with said analytical 
chip under conditions allowing for binding between said known 16S-rRNA and the 
corresponding multitudes of complementary immobilized specific recognition 
elements. 

73. An analytical method according to claim 72, wherein binding patterns are stored in a 
data library. 
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74. An analytical method according to any of claims 72 - 73, wherein 16S-rRNA 
contained in a sample are determined by comparison of a sample binding pattern and 
one or more reference binding patterns, upon determining the degree of agreement 
between said sample binding pattern and said reference binding patterns. 

75. An analytical method according to claim 74, wherein the degree of agreement between 
said sample binding pattern and said reference binding patterns is determined by 
statistical methods. 

76. An analytical method according to claim 74, wherein the degree of agreement between 
said sample binding pattern and said reference binding patterns is determined by 
mathematical clustering methods. 

77. An analytical method according to claim 74, wherein the degree of agreement between 
said sample binding pattern and said reference binding patterns is determined by 
artificial neural networks. 
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